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protective;  coating  for  aircraft  engines 


Thin  in  thickness  9n<i  ll*rht  in  weiorht,  coetinc  conl'i  be 
used  as  a way  of  ltrpro''rlnor  certain  properties  of  ira- 
terials.  It  is  easie-r  anfi  rro-r’e  e^fectlre  than  l^rproTlnp: 
tha  Tnaterials  theTPselres  an^i  has  broad  applications. 


Coatinsr  has  a broad  soectrun  of  aonl  Icati  ons , Porcelain 
enanal  is  apollnd  to  washine  bowlsyjrlce  nowls  and  dishes. 

Oil  nalnt  is  appli^*'^  to  desks,  dT'esse^g  doors  and  windows, 
Sto-wos  and  i s e ce-ramic  enamel.  Cars  and  agricultural 

mac*^lnar1es  use  many  olated  and  painted  pants.  Airplanes 
use  dlffonarit  kinds  of  camouflace  coatinor.  In  t*^e  followini?, 
we  intnoduce  the  coatincr  for  Jet  encrlnes. 


USAGE 

In  daily  life,  we  often  see  that  equipments  made  of  Iron 
become  rusty,  wood  become  corroded.  Surfaces  of  aluminum 
develop  pimples  due  to  cortact  with  salts.  Similar  corrosion 
phenomena  would  occur  to  the  parts  of  a Jet  enerlne  if  these 
parts  do  not  receive  special  treatment.  This  Is  easily 
tjndenstood  if  we  obsemre  the  material'^  which  constitute  the 
Jet  ermine  and  the  conditions  under  which  the  encctne  has  to 
openqte.  In  flight,  a lanme  amount  of  aln  enters  the  eno-ine. 
After  passinm  thpoumh  a compressor,  it  mires  with  fuel  and 
combuet ion  occurs.  The  araseous  mixture  T'pqobes  a tempera- 
♦■iire  a^ovp  a I'honsand  demrees  Celsius  an^  eventually  exits 
from  f-Hp  exhaust  noxmle  at  hi  mb  speed.  All  ♦'he  parts  of  the 
ermine  which  come  info  contact  with  this  mas  at  various  staores 
qre  fnreafeppd  wi  t,Vi  fi^c-Tprert  corrosions. 


The  front  Dqrt  of  the  encrlre  is  at  a lo^ar  temperature.  These 


parts  are  ma^e  of  llorh^  welorht^  har-^  Tnao:neslum  and  aluminum 
alloys.  As  air  enters  the  enc'lne,  it  oarrles  alons:  dirt  , 

ssrrea'se  a’^'^  salty  mist  which,  coupled  with  temperature  effect, 
adhere  ^o  the  surface  o'f'  parts  and  se-^lous  corrosions  result, 

Thpse  pimples  "rednce  ^he  surface  smoothness  and  the  strencrth 
of  mate-f'lals.  Consequently  the  life  span  of  these  parts  Is 
reduced.  Corrosion  will  he  c'nea'^1  v ne^uced  if  corrosi on-re- 
slstant  coatlncr  Is  anriied  to  -t-heTr  to  keep  them  from  belnc  exposed 
to  salty  air  and  molstune  ^-v^ue  •r'£>sult1nm  In  loneer  llte  ron 
♦■'^eae  carts, 

Vfhen  wa<-a-r  1 1 ^ the  axes  of  o-rlndln”-  stonei squeak , acpli- 

cat-^on  o-r  Inhnicont  o1l  will  reduce  *-hq  friction.  Inside  the 
encrlre,  however,  the-r'Q  p'f'o  coro  parts  requiring  loner  life 
come  Into  contact  with  each  ot'-'o-'"  ard  o-oropate  friction  but  whicii  can 
not  he  lubricated.  For  an  example,  ^'he  ^riv-pqt^Qr  reduclnor 
Tpid-span  shnoiids  on  ^he  ttjmhine  hiqfies  (F’l3'n’'e  i)  require 
that  they  he  o^'^emhaul  ea  after  nvionsands  hours  of  se'^vice, 
rvipco  qhrouds  underaro  tempenqtune  chantjes.  Impulse,  and  viora- 
tlons  durino-  the  start  an'^  stop  of  ^he  enn-lne,  This  rasulr.s  in 

^ wear  of  tho  contacting  surfaces  an'^  Increase 

of  Q-aps  thus  requiring;  rants to 

he  repaired  or  replace'^.  If  a i^and  "'ateriai  ia  coated  on  the 
surface,  .1nst  like  add  l ret  metal  part  ep  the  shoe  sole,  re- 
sistance no  wear  will  >>,»  Ipcreased  an^  t^c  life  of  the 
parts  pnolonored.  5^1mllarly,  one  car  also  apply  a wear-re- 
sistant coatlnot  to  the  pants  to  restore  them  to  conform  with 
orltrlnai  spec  1 '^'1  ca  n 1 ons  , and  contfnue  nhelr  aenmlces.  This 
Is  veny  cost- effect  1 ve  a n'^  Is  widely  u^^ed  In  repaln  worlf. 


Due  to  lieslffr  requlrew>ent , the'^e  qre  certglr  caps  Petweer*  the 
coTrpresser  bla'ied  anrl  the  honslnorj  turbine  blqdes  anH  outer 
rlnoc,  CoTT'pressed  air  tends  to  leak  th'^'onj?h  these  gaps  and 
causes  loss  of  e-Tf Iclency,  With  proper  co'^tlne  acplled  to  the 
Inner  paT*t  of  the  houslnsr  or  outer  rlnc,  noriral  rotation  of 
bladed  will  not  be  hindered  yet  the  c:aps  between  the  blades  an^ 
the  housing  win  be  reduced  to  a mlnlTrum  to  Improre  the  enstlne 
efficiency.  It  win  Increase  th®  thrust  power  with  fuel 
consumption  unchaneed , Pr'esently  oraranlc  coatlntz;,  organic 
silicon  coatlnar  or  soft  metal  platlnc  Is  used  In  compressor 
housings.  Hlo-h  t ftTrpei'qt.ure  metallic  honeycomb  or  ccraphlte  Is 
used  a';  filler.  They  are  known  as  seal  Ins:  coatiny  or  cap- 
reduclne  coating. 

Combustion  chamber  buf'ner,  turbine  blades  and  OThaust  nozzle 
all  come  Into  direct  contact  ’"Ith  biprh  temperature  o-as  which 
Is  hot  enough  to  melt  aluminum.  Not  even  carbon  steel  could 
withstand  the  heat.  These  parts  must  be  made  of  nickel,  cobalt, 
chromium  alloys  which  can  withstand  hlarh  temperature  and 
erosion  due  to  moisture.  However  heat  corrosion  wni  still 
occur  If  no  protective  coatlnsr  Is  applied.  This  Is  due  to  the 
fact  that  throucrh  hlsh  temperature  oxidation,  the  sulfur  In 
tte  fuel  reacts  with  the  salt  In  the  air 

form  sodium  sulphate  . This  aff‘ «ts  <-he  oxidation-resistance 
and  structure  of  the  alloy  surf  ace  jw^akening  the  orldqtlon- 

P,.slj5tqpce  and  strength  of  material  at  hiorh  temperature.  Under 
the  constant  bombarment  of  hlch  temperature,  hlarh  pressure, 
hivh  speed  air  flow,  coupled  wli-h  mechanical  stress,  vibration, 
and  hot-cold  cycle,  the  en<rlne  parts  will  break,  deform,  crack 
and  buT’n  throufirh.  It  constitutes  a serious  threat  to  operation 
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Safety.  To  re'luRe  corrosion  phenoirena,  Vieat-i'esl '?tgrt , 
corroslon-res1  stqnt  wqterlqls  s'noul'l  be  qpoliefl  to  the  snrfgce 
of  the  parts  In  order  to  arold  contact  with  ^•he  bu'onlne  .eras. 
Diffused  alumlnuTT  Is  us®'’  6n  tbe  surface  of  the  tur>^lne  blqde 
to  Increase  Its  life  to  fire  to  six  fold.  Porcelain  coatiner 
Is  anplled  to  the  surface  o-r  burners  to  increase  Its  life  to 
two  an'i  Half  fold. 

As  a-wlatlon  adranced  , the  air  te^rperature  Indklde  the  turbine 

I ^ 

enarine  Inccease*..  For  an  exaipple,  it  Is  9*'0  C In  the  50' s, 
llOO^C  In  tbe  ^O's,  Presently  It  reaches  1270^0,  But  the 
TTieltlnor  point  of  the  tii’^’^lne  blades  which  a"^®  irade  of  nIcVel 
base  alloy  and  cobalt  base  alloy  Is  about  1115*C,  The  manufacture 
techno!  oey  la<rs  >iehlnd  ’-h®  requirement  of  oroductlon  develop- 
ment, Therefore, In  aceneral  th®  emphasis  Is  placed  on  deslorn 
to  provide  It  with  air  cool  Inc,  Concurr®rtly  hpat-raai start 
thermally  Insulated  ceramic  coatlnc  and  techniques  of  strersrthen- 
Inc  the  stirTace  are  used  to  prolonsr  the  life  and  imnro^e  the 
oerformance  of  th®  encine. 

Aside  fro-  tbo  corrosion  voeistart,  wear-resistant  coatlnc, 
otbev  special  purpose  coatirars  are  un'^er  development.  For  an 
example,  color  chandnc  coatlnc  for  testlnc,  de-lclnc  coatlnc 
for  air  flow  deflector  cover,  coatinc  to  reduce  heat  loss  for 
hlch  temperature  parts,  coatlnc  on  end ne  to  resist  hydraulic 
liquid,  etc, 

Florure  2 Is  a scbe^natlc  '’lactam  show' rc  the  cetecorle'"  and 

THU* 

applications  of  various  coatirsrs  on  a. let  endne, 

1 




Various  parts  In  the  enarlna  ooerate  iipf^ef  different  norclltlons 
and  ha're  d 1 f f eT*ert  funo^" ions , Therefore  the  requirements 
for  coatlnsrs  are  different.  Generally  the  coatlnars  should 


he  such  that  « the  hindlner  between  the  coatlnc-  ^nd  the  part  Is 
stroncCf  the  coefficients  of  expansion  for  both  are  close;  the 
coatlna:  win  resist  hlsh  temperature,  corrosion,  keroslne  fuel, 
lubricants,  anH  hydi~anllc  liquid;  it  will  not  mix  with  oil  or 
water  and  it  will  be  alr-t1mht;  It  win  not  corrode  the  surface 
It  tries  to  protect;  It  has  suffldant  hardness  and  stre'^orth. 

We  have  described  different  coa^lncrs  accordinc:  to  their  func- 
tions. Now  thev  are  classified  accordlncr  to  the  materials, 

Metallic  t Uslnpc  corrosion-resistant  metal  or  alloy  to  coat  the 
Darts  surface  such  as  el ectropl atl nc  of  chromium,  silver, 
eadmium,  and  nIcVel  or  diffused  metallic  1 ayei"  such 

as  diffusftdr  aluminum,  diffused  ch’^nmlum,  and  alumlnum-chromun, 
Hlmh  temperature  flame  sprayed  coatlns  of  nickel,  chromium, 
or  aluminum  powders^ Is  another  form  of  coatlna:. 
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Chromium  ’’PI  atl  no*  t Mainly  ;ised  to  ’"educe  wear.  AoDlled  to  the 
the  surface  of  rotatlno:  narts  with  an  opreatinc:  temnerature 
below  2Q0  C such  as  an  auxllllarv  vear  of  the  engine, 

Sllve’"  PI  a ting  t Used  as  lubricant  for  bearing  and  ccear  to 
reduce  the  Instantaneous  friction  when  the  enorlne  .lust  starts 
and  1 ubmi  catl  nor  oil  Is  Insufficient.  It  could  also  prevent 
bolts  an-^  nuts  from  fusing  ♦■oeethe’"  at  hlarh  temperature. 


; 

i 
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Caitrlum  Plating!  In  a salty  environment,  cadmium  plating 
win  protect  oq-^ts  from  corrosion.  Since  cqdmlum  coating  tends 

to  meVe  the  coated  material  brittle  when  temperature  Is  above 

o 

230  C,  cadmium  plated  steel  used  fov  lower  temperature  Is  pro- 
cessed further  by  chromium  compounds.  The  rotor  In  compressor 
Is  B:“nerally  tseated  by  cad"'1um  platlnor. 


Dl'f*fused  aluminum,  diffused  chromium  or  diffused  alumlnum- 
cb-^oml um t Mainly  used  In  turbine  defledlnv  and  rotatlnc  blades. 
Diffused  aluminum  can  wl+'hstand  temperature  up  to  1200*C,  To 

A 

fulfill  the  reaulre^'ent  above  1200  C,  study  Is  underway  to  add 
sTrgii  amount  oO  "^are  earth  and  roble  metal  elements  to  the 
aluminum  or  chromium  base. 


'Ot£r>t  - Cc 
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Paint  Coating » Mainly  synthei-lc  and  silicon  ovoranlc  resins 
which  ace  oil -resl start  and  heat-resistant.  They  could  be 
applied  to  aluminum  alloy,  magnesium  alloy  and  are  widely  used 
to  coat  the  compcessor  blades. 

Ceramic  Coatlng»  The  burner  and  exhaust  e wt>ich  are 

directly  In  contact  with  hiorh  temperatuce  flame  could  be  pro- 
tected ■^v  ceramic  coatlnor.  This  Isa  fonir  of  porcelain  which 
pnovldes  thecmal  Insulation  and  prevent  ffas  from  comlncr  Into 

o 

contact  with  the  metallic  surface.  The  coating  requires  1025  C 
and  2*;  mIntJtes  to  cuce  an"^  has  a ♦'hlckne'^s  of  0.02  to  O.O6  mm. 
The  disadvantage  of  this  kind  of  coatlnsr  Is  that  It  tends  <-o  be 
hT-lt-tle  at  room  tempenature  and  ’ HI  deform  at  hlvh  temperature, 

EXISTING  PPOPLEMS  AND  Ft'TI’HE  DEVELOPMENT 

- 


As  the  performance  of  t^e  encrlne  constantly  advances,  the 
oneratlncr  ten'oeratune  increases,  Gra'lnally  corrosli^n  resist- 
ant materials  such  as  stainless  steel,  titanium  alloy  are  iise'l 
for  parts  In  compressors , ^owe-rer  some  steel  has  hls?h*^,em- 
peratHjflfi  OTlfl at  1 on  problem  an'^  reoulme  coatlrfr  for  p’-otectlon. 
Presently,  orcanlc  silicon  aluminum  powde-^  Is  uniter  stufly  as 
h 1 crh— temperature  coatinor. 

To  ImcroTe  hleb-temperature  property  for  tur'^lne  ’^laies,  develop- 
ment of  diffused  aluminum  alloy  is  underway.  It  would  be  used 
to  Improve  tH°  oxidation  and  deformation  resistance  of  hleh 
t-emperaturo  alloy.  Diffused  aluminum  alloy  is  a double- 
layered  coatlnjjr,  Compa'>'ed  to  or-^lnarv  diffused  aluminum 
coatlntr.  It  could  improve  t'^c  structure  and  composition  of  the 
coatlnir*  When  the  outer  layer  aluminum  compound  decay®,  the 
Inner  oxidation-resistant  layer  continues  to  function.  Ehren  when 
aluminum  compound  ccacVs,  the  cohesion  of  the  lower  layer  wH  i 
prevent  t^^ls  from  spread  Inc:, 


As  to  the  ceramic  coa+'inm  applied  to  the  burner  In  the  combustion 
cViamt-ier  and  exhaust  nozzle,  further  Increase  of  the  meltlnc: 
temperature  would  result  In  chansclnsr  the  haslc  properties  of 
the  material  and  cau®c  deformation.  Also  ceramic  Is  brittle  at 
low  temperature  and  mobile  at  hlcrh  temperature  thus  could  t>e 
blown  awav.  Consequently  It  has  llmitoH  usefulness.  Nevertheless, 
wli-hin  a certain  limit,  it  could  be  used  as  coai'inm  t-o  1 "on  base 
alloy  In  Place  of  hlorh  temperature  alloys  with  hlch  c~ntert  of 
nIcVel  , cobalt  and  oVrromlum  to  conserve  1 arme  amount  of  ex- 
pansive metals.  It  has  ®1mml<^1cant  stra^evl''  as  well  as 
economic  Implications, 
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The  quelltv  qnqntitv  of  coq't'lno;,  ho  q 1 ^rore  e'»'her't,  tieoerd 

on  Drocesslntr.  To  'develop  on^l  fonrrtilgte  negsomble  oro- 

cesslnor  iret-hod  Is  an  ImDortent  ^od\c  which  is  stlTl  in  develop- 
’I’ent , A p-ro>'1  which  needj  to  be  sol'''^»d  Is  how  to  develop 

excellent  ’-’oxVTriqnsh  1 0 ne^esserv  for  the  coatinc  to  be  hhin 
even, 

Pu'^lnor  the  lest  two  deca'^es,  the  life  of  an  enirine  has  been 
increased  al  ""ost  ten  tiwes.  Asl'^e  from  advance  in  deslcn 
which  utilise  new  materials  and  re’’  technology,  the  Drocf'ese 
in  coating  also  contribute  to  this  Increase  of  life.  Further 
advance  1n  coatinv  techno"' 6scv  will  ern  e l onv  wov  towa'^d  Im- 
proving the  performance  an^^  life  cvcle  of  an  <=nv1ne. 
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